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STAT

THE RADIATION PROPERTILS 0F ST CLOUDS

%, i, Feypel'son

An approximate solution was owvtained for the equation of the
transfer of padiation cnergy in a cloud for a nons pherical indica~
trix of diffusion. The magnitude of Tuminosity at the poundaries
of the cloud in relation to the rays was calculated. The fornulas
are given for the calculation of albedo and the coe ffIClE‘n'lN of
pe I‘mPJ.DLU ty of direct and diffused solar radiation, The distr dm
bution of the height of Llow of the long wave radiation in a cloud
was computeds Formilas were seb up for the calculation of albedo

) and the coelficient of a naturally radi ating cloud in the long

1 wave part of the spe ectiums

In sending radiation energy throush a cloud, part of the
former is absorbed and diffused by water vapor and droplets of
waters The study of these processes 18 related to the solution of
the equation for the transfer of radiabion energy, 1 which presents
the condition of horizontal uniformity in the atmospherc.

s 5 22230 @M+
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Here I- (% Y) is the intensity of radiation in the direct~
ion ¥, 5)\6}7 1s the radiation of a black body with temperature T
Xk< 'k ) is the indicatrix of diffusion, qu! is the elementary

eo-ﬁ

unit radius), * (-Z and 4, (&) ave coefficients of absorotion and
2 Z

solid angle (integration is performed over the surface of a spher

diffusion, referring to the unit volumej; each of them contributes to
the sum of the corresponding coefficients for water vapor (0() and
a and for water (o and @ ). Together with the volumes

\ ) (y 5 )\Z) g

let us also present the masses of the coefficients of radiation
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. Lahornbory conditions, ab temperatures and

wres bhat were different from atmospheric conditions, Various

rchers cive values of coefficlents differing considerably among

each other,
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TABLE 1

Coeflicionts ol the Absorption of later Vapor in sq cm gram

oA :

0,59 =0,005 0,008 1,935 1.5 7 27.5 50
0,635-0, 665 0,009 197 20,1 745-08 16
0,69 «0,74 0,051 2,0 6.0 g8 -9 3.1
0,90 =0,0k 2.0 2.0 L3.9 9-12 0.1
‘ 0,90 0,98 1,00 2,55 3,3 12-13 0.7
2495 L.h 2,585 108,0 13-1l 0.50
1.2 2.5 2,618 151.0 14-15 1.64
1.35 (N 2,65 99,0 15-L 1.72
1,37 L5 2.32 39,8 1617 10.1
1,40 2,0 3,19 8.5 17-18 1.61
1.5 19.1 3.264 5.2 18-19 1.38
1.50 7.1 5 5.5 38,0  19-20 L 60
1,00 6.2 Deb =6 138.0 20-21. 25,0
1.805 3.3 6 6.5 220,68 21-23 56,0
1.90 22.3 6.5 -7 157 22-22 64,0
-3 -

Declassified in F’z;n - Sanitized Cdpy Approved for Release 2012/04/09 : CIA-RDP82-00039R000200090001-0



0.8L5
0,950
0,500
0,950
0,970
0,780
04995
1.0%

1.085
1.095
1.13

1.17
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The Goefiiicients

1,20 14D
1039 9,1l
1,10 2,05
Snn 2,94
1.5 20,1
.0 29.9
1.50 26,1
156 15,0
1,60 9,0
1670 5.2
1,706 L.k
1.75 16.0
1,85 2.7
1,90 20,5
1.95 86,0
1.96 125.0

197 111.0
2,00 70,0

2,008 36,0

PANLE 2

« Ts also found o equal 2590

ofigﬁggﬁion

of later

M,

7,88
7,94
8.0
8,065
0.13
8,16
8.22
8.28
8,38
8.0L3
8,19
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2, Tnformation about the values (;)(‘(E)and T (z) of the stra-
tus clouds, type o, investipgated by us was taken from various
sources since no one published work known to us was hased on simule-
foneous measurements of temperature, density of water and water

Vapor.

Tn Ye. C. Zak's article (L), the mean curves of tempera- i
ture according to height distribution and the relative humidity
in a St cloud are cited (thickness of cloud 600 meters, tempera-
ture diminished linearly with height from 0° on the lower boundary ,

the temperature gradient being nearly moist-adiabatic). Computed

from the data of Ye G 7ak, the density of water vapor proves to

be equal to h..?d.o,"é grams per cubic centimeter at the lower bound-

ary and lle"é grams per cubic centimeter on the upper boundarye

The decrease in density also occurs approximabely in a linear faslhion.

The data of other authors confirms the indicated order of

magnitudes and the character of the change with height of temper-

ature and density of water vapor in gt cloudsa

The mean density of water in a cloud can be corputed from
well-~known formuiles for a glven range of visibility. For St

2 clouds, this density amounts to 0,20-0.3 grams per cubic meter [51

0f late an increasing amount of information about direct measure-

ments of the density of waber in clouds is being presented 167, 2'_

The data on the magnitude and the change with height of the

density of water in St Clouds was presented in an article by
Neyburger [71. According to the measurements of this author, den-

sity increases linearly with height almost up to the top of the \

cloude The density gradient equalled 0,13 grams per cubic meter

i
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for 100 meters,

3, It is known that the dilfusion of light in o moilst at-
‘kui."ff

mosphere is anproximately proportional to It may be

assumed that the main centers of diffusion he are droplets of

water, and not molecules of water vapor, and that ther e Reley's
) ! 3

Law ceases to apply.

r droplets in a cloud was exanined by

1 . The diffusion of we

s sepavately so far as thio diftusion in waber venor was concerned
I E

WAS

we presupposcd that th

beyed Reley's laws

(2)

JR1 1 is the number of parbicles in a unit of volume, my i
the coe fent of refraction Lor waber vapor wiich is equal o

1.000252 when )\= 0.5@0{ and & = 760 mum,

If, for water vapor tension € = 760 mm, and temperature =00,

]

4 prams per cubic centimeter, then

‘ assuming density to eaual Be0™

for 7\ , expressed in microns, we obbain from equation 2

: 0-*%
T\ = ST S g

When :bhe, density of water vdpor in a cloud equals 5’._,.0“‘6




1
i
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Yence, when M\ = O, ]/1,() T= 0, 00%5 Lm=!
when >\ = //(,L) 7 = &/O—G,ém-./

L The coefficient of diffusion for water droplets was de-
termined by us on the basis of the calculations of Stratten and
Houghton [871, -

Assuming that the conductivity drop equals zero, these
anthors computed from Mie's forrmmla some non-uniform characteris=-
tics of diffusion K ( >\. B P} for the radii, commensurate with
the length of the waves, The so-called "effective cross section"

8 ( >\3 Q) is linked to the mapnitude of K by the expression:
) = 2K (%, p)
6 ( >\ ) P) - Z’ 7T P J P ’

A O
When —é" - O such that, beginning with >\ = /6 B

one may take asproximately

;E(A;P)=ZWP?:

independently from the length of the wave.

The volumberic coefficient of diffusion for particles of

radiuvs P is expressed by 6 ()\)' P) in the following form:

7, (pi%)= EnpM(pr 2)

where N ( fg 5 Z) is ’pf}'e nunber of particles with radius P ,

contained in a unit of ‘volume of The mean coefficient
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0, (2)= E(uEINE)

Here g (A-)l i) is the

defined by the formulas

mean effective section which has been
o0

N (PR dp

EME)= — =
N(p; 2)d P

o
n(z) is the overall quantity of drops in unit volume by this rela-

tionship

n(z)= SN(P}Z)CLP;

(3)
and by this

relationship 054}.<£> p— S\E(A%)) [\} (Q) Z)d/()

o
The magnitude {\J (P) Z} is probably derived from observa-

tion,

At present there is being published a sufficiency of material ,
which concerns observations of the microstructure of clouds, and
which also contains distribution curves of particles according to
size, These curves generally deviate not from the unit of volume,
but from the overall mumber of drops which have collected. on the

instrument.

Assuming that the same distribution according to size is
maintained in each cubic centimeter of volume from which drops

fall onto the instrument, we determined /\/ ( P) %) from

s SR
H
[e<]
]

e
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/\/(P) Z) =/’)(¥:)/b([0)'2))

where P(p" ‘Z-_) is the per cent of particles of radius P removed

with distribution curve.

1f, instead of the usual number of particles, the density of

water PZ(E> is known, then

Pp, (7)
7 )= 5
\ﬂ( > %TSQBP<QBT)CL@ ()

whence Sé(@)p (Q'J 2) dle
g, (&) =P, —%=
N
- %TSP&'F(@%M@ (5)

After dividing the last equation by PZ(%> we obtain an

expression for the mass coefficient of diffusion which, as we

will see, depends on the height, if the form of the distribution

curve changes with height.

We compubed the coefficient of diffusion O?g‘;\ (2) from
sormula (5), given ?2 () ana p(Q) 2) from the data of Ney-

ourger [61s

o, @ = 013 gfow M (6)

where % 18 expressed in hundreds of meters. The function

is derived from the data of Table 3o

Declassified in Part - Sanitiz¢
ed Copy Approved for Relea:
se 2012/04/09 : CIA-RDP82-00
: -00039R000200090001-0




Declassified in Part - Sanitized Copy Approved for Release 2012/04/09 : CIA-RDP82-00039R000200090001-0

TABIE 3

3~5| 5-6 | 6~1o| 10-11 | 11-15 | 15-17 | 17-19)]

@/u t 2-3 "
() 7,

2.7 '°l 10,4 15.0 ?.h.l 2.7 0.7 1.3

The percentages computed for the interval of the length are
equal to one micron., Such a distribution curve, according to Ney-
burger, corresponds to a height z=850 feet, Comparing the distri-
bution curves pertaining to the different heights, this author
arrived at the conclusion that with a change in height, the form
of the curve is not changed., Other researchers indicated a change
in the magnitude of P(@) with height. However, for simplicity,

we see that the actual work follows the hypothesis of Neyburger,

Computations from (L), (5) and (6) give

!
N(z) =35 2Z g

where 2z is measured in hundreds of meters

|
7, (2) =352 f XNz
Tyy= 27100 L ()&,

9
6 = £(nyp) Ple)d.RQ.

, o
- 10 -
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In Table b, the reductions are derived values of the coefficients

TABLE I
Ol 0.5 0.6 0.7 0.8 0.9 1 1.5 2 3 L 5 6 7 8 9
21 21 21 21 21 21 21 21 22 22 22 22 2l 27 28 29

1610 1610 16L0 1610 1640 160 1640 16L0 1690 1690 3690 1690 1850 2070 2160  22C0

Continuation of Table L

10 11 12 13 1, 15 16 17 18 19 20
29 28 217 26 25 2l 23 22 20 19 17
2220 2160 2100 2030 1930 1850 17L0 1650 1540 150 133C
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Usually in investipations of the microstructure of clouds B
drop distribution curves ave used which are similar dimensionally
to curve 1, as represented in Figure 1. The data of Findeisen is
an exception [9], Curve 2, also in Figure 1, represents a typical
distribution curve, The first type o:f:‘.curve is derived from the
path of microphotographs of drops in a cloud; this being the case,
as is known, the larger part of the small particles is lost., It
is extremely probable that the findeisen curves, derived by a
method free from the above errors s is dimensionally nearer the true

distribution of drons,

It is evident that if one can correct curve 1 in the area of
the small radii so thet it would become similar to curve 2, then the
coefficient of diffusion can also be increased,

N

2

Fiqure !

In order to ascertain how great this increase would be s We
set up the coefficients side by side in Table li, calculated the
coefficients of diffusion for distribution curves of the second
type, which coincided in the regions of large radii (P; 4—5/I)with

the given data presented in Table 3,

It has been shown that an increase of 700 particles of ra-
dius from 0.4 to 1 /l/( increases the coefficient of diffusion only

in the light part of the spectrum and at the same time increases

~12 -
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only 5 per cent of 18 previous sizes

The variatlon of the distribution curve in the interval of
radius 1-6 /U , inereased the coefficient of diffusion 60 per
cent for 0 b //{S )S (ﬂ/A . Tor very long waves, bthe value of 7 is
increased all the nore si;}tni.fi.cm‘ltly s reaching 0.5 per cent, In
this way, with the addition of a specified aumber of small parti-~
cles, it 18 not possible to provoke a noticeable increase in the
value of the diffueion coefficients even in the light part of the
spectrume The particles with radii of 15 /M play a considerably
npeaber ~ole, and Finally, exerting an jpfiuence on the size of the
coefficient of diffusion the whole spectrum of long waves, it shows
‘the presence of coarse particles (P > 5/1/() ., The last deduction
18 linked vo ‘the extremely rapid growth of 8(7\)‘ P) for increase$

in radius.

Tn T. Ae Khvostikov'is ar icle [10) it is shown that if the

o

cravimetric concentrations of particles with a radius of 0.3 /M is
only & per cent of the weight of the concentration of the parti-
cles with radius 6 /M , the first produces a diffusion of 1izht
gimilar to the second, Having continued these calculations, We
deduced that for the accumulation of § per cent of the welght, it
is necessary for each particle with radius 6 /U to have L0O parti=-
cles with radius 063 II/( o One particle of 20/}7 Qiffuses simil-
arly to 3500 particles of radius 0.3 //l . Tn a cloud with a volume
of 1 cubic centimeter, there mist always be more than ten coarse
particles (P >5' QIM). The reduced mumber shows that in 1 cubic
centimeter there are present only ten thousand so~calle d "'sub-
microscopic! particles; tne coefficient of diffusion canl, at their

expense, be substantially increased in comparison with what was

.13 -
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computed for curves of type 1.

from all that has been said, one may, il appears, to us,

draw the followin: conclusion. for accurate determinations of the
coafficient of diffusion in a cloud in the light and infra-red parts
of the spectrum, it is extremely essential to know Low to estimate
the degree of loss of the small microscopic particles (\}45 F>$~57A)
in the process ol measuring. Alsolvery essential[it is|to clarify
in the determination of the coefficient of 3iffusion in clouds of
Light waves, whether 1 cubic centimeter of volume can, in the active

regilons, conbain ten thousand submicroscopic particles.

Tt is known that the experimental determination of the coef-
ficient of diffusion in a cloud is derived from 1light wave lengths
[11]. This being the case, these values Were obtained: =38 o™t

for Seu clouds; 26 km—l‘for St and 19.5 for Asb (12)s In the latest

work it was shown that these are probable and larger values of ag.

«, £M4

Yoo '

200 "s |

2.0¢ A
Vot !

1e® 05 10 2 ) V7 o)

! :J-J R P
Figure 2. >‘;/M

Consequently, the experimental data confirms the value of

the coefficient OF for light wave lengths computed by us.

Tn the long wave part of the spectrum, in view of the larger
values of the coefficient of absorption, one can expect marked cor-
rections in the calculations of the values of CT computed by uSe
Unfortunately, there is no data by which it would be possiblé to

guess abt the size of these corrections,
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5, For the shortwave part of the apecbrum, equation (1) can

i e written in the forms

bI J 7 /
cos © 53 :Z—%Slﬁ%)")\f)\{z;r;r)o&@@

% | e

p)

Here ﬁii)\ (z3r) is the intensity of !
15 the intensity of Qdirect solar radiation 4 the upper boundary of

the cloud T is the direction of decrease of the solar ray, C is

the zenith distarc: of the sun, One may disrepard the internalk
es & B (T) under invest
PN

val of lony WaveSe

fisn in the inbter-

“hion of rerti

In Fipuve 2, the mass coefficients of absorpbion and diffusion

- — -
are represent 02\ (curve 1), A 2% (eueve 2), A 1) (eurve 3, IOD(‘)\
B (curve W) R

The coefficient of diffusion of water vapor calculated in

pavagraph 3, is s0 small that it is immedia r possible to disre-

gard it.
The curves show that absorption is small in comparison to

diffusion.

Since the density of water vapor is on an average ten times

greater than the density of. Water in a cloud, the role of on

increases.. However 508 comparlson of cur e 1 with curve li, which re-

presents 'bhe coeffl‘ment of absorptlon a5 increased ten times, We

see that e‘v"en‘ the" mere in comparison to the

cosfficient of ¢
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and ﬂ .

w3 of absorpbion \£
i o e zones of absorotl
corresnonding Yo bhe z2oned absory

i o that diffusion in drop-
¢ eoef Mioiints shows chat ddit

The comparlBon

SRR ey . o LI 4 wave T tioy
C gl VENCILILY nrt wave ra 1
YA e D0 LNl

of water 18

he bhroush @ o loud,

(033154

o

nhobthe calewlation ©

LG

3 77
1ve equabion {7) v

o af the role ol ansorpbion @il b
v Q. il R

apeakiing

vhat the an

e inhroduce VI

long Waves )e y

atmosphere:

Z
o]

ness of b

. 2 iy b (S T oo
if 2 is expres sed in kilome Lersa Heng
i XPIEEeed

where Oi (Z) =2102- km
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Bquation (7) now appears as?
: cos B%T:-—_—. QT Ly (7 ) G E
5 (8)

—\»%e's‘a"abﬁ (- T 1),

The intensity of solar energy abt the upper boundary of &

cloud 1.8 defined from the relationshi'p:

S
—  -K Sec & o () d2
g=5e i*

7T S is the solar constant, O 18 The nean coefficient
of apsorption of water vapor in short wave parhs of the spectrim, z*
is the height of the uwoper houndary of the cloud.
From celeulations it was derived that
*
A, d
d = %Y ~ 030 gi
3~ 2¥

where QO = h.lo‘é grams per cubic centimeters L = 0.6 kilometerse

pecause of the nature of border conditions, 1et us sebv the
radiation intensilty on the lower poundary of the cloud at 9 <"Z
(@ is the angle of ray ¥ With the 2 axis) and on the wppeT bound-
ary ab 9 > —z Iet us SuUppoOse moreover, that the intensity of 5

padiabion diffusion which comes from beyond £he boundary of the

cloud does not depend upon direction and is 1inked to the corres-

(1

]
‘i
1
4

ponding currents oY these polationships:

11(039)—3‘—; F(0), 8¢ 2
| 1,058 =7 F, (9, 87

i

%)

S T HSET

Declassified in - py Approved for -
Part - Sanitized
Copy A for R 12/04, A-RD! ‘ |
Yy ved elease 2012/04/09 CI P82-00039R0002 ‘( )90001-0




Declassified in Part - Sanitized Copy Approved for Release 2012/04/09 : CIA-RDP82-00039R000200090001-0

Until now the indicatrix of diffusion § (z;r';r) remained
indeterminate, To begin with, let us suppose that K’depends only
on cos (r';r), Let us present this dependence in the form of a
series according to the Lagrange polynomial, whereupon we confine

ourselves to breaking down the third term:
(rtsr) =1 + ClPlfcos (r'3r)] + 02P2[cos (r';1)] (10)

When Cl = 1,125 and 02 = 0,7} we obtain the following values of

(rt;r):
(rt5r) 0 15 30 N 60 75 90 105
(r';r) 3,165 3,063 2,716 2,222 1,620 1,069 0,630 0.339

(r';r) 120 135 150 175 180

(rr;r) 0,196 0,148 0,208 0,271 0,316

We will solve approximately, equation (8), for the boundary
conditions (9) and indicatrix (10), employing the method developed

by Ye. S, Kuznechov [13],

If the indicatrix of diffusion was presented in series [10],
one may point out that the derivation will have the form (Generally,
the derivation will still contain the series with sin ¥ and sin 2Y,
The coefficients for this series converge to zero, if, from the
beginning of azimuth taking, the vertical plane of the sun is fixed,
and if, furthermore, the boundary conditions do not depend on the

azimuth):

I ()= A 058)+A (C;8)cos ¥+, 016) s 4

- 18 - .
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Where L is the azimuth of ray I's

\ - A
The undetermined functlons AO('C;G )5 Ay (0, 8); and A2( J9)

are determined from bhe system of equltj.onb

(R-9)! v 59/5}
cos aaAg = SAv ¢ (ch &+ syl ?R(Cz)se) Pe (@ X
(12)

'n@’d@’-&- % e—ScCQC’L*‘_'t> Z( \)‘QGR Z___L‘
%P (cosé)PK (cos &) - Ay (T 9) Y= 0,1, 2

. ok ¢ %
The boundary conditions in relation to equation (9) mus

take the form:

A, (0©)== FO)
A, (0{9)=O ~Cor
A, (016)=0

(13)
2
i (== F (%)
(1%,0)=0
'AZ (v*;8) =0

.
Lo 9>J'2:

Tet us assume that the values of the function Ay@)}@ are known
i e M=C0s 8, Iet us com=
to us at some n points }A!)mj /uv\ s where,»\ <
pute AV@E;/UO by its values at these points by means of inter-

polation of Lagrange's formlass

Q" —flo) ) (U= Hg - C“ ~Mje) “-’ h=lin ) ’*’Eﬂ

AV@S/M ZA\) )M ”}Ao (}"1‘71’{!“ FJ ‘/UJ'*' " é"‘i”/u“)

-19 =
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Substitubing the last expression in (12), assuning, moreover,
that IM:}A,}/,{'Z . \/[,(M , succesgively, and dispegarding the re-
maining number R nt ¥e obtain n equations for the determination of
‘the approximate value of the function A\J@f /u in n units of inter-
polation. Iet us define the appro: wimate expression A\)(/O /U
the point }A Jl - AJ\) (’b> . The equations which determine (/t)

will have the form:

iy 3 AL ) N

J=oe (k{j )*o o (= - (PJ /Lw)“‘ Yy-M n)
XS\ “‘ (/{’ MM)(/U /MJ-H “'QM,“/W)K\;(/UIS/AJ')@A/-(‘

-

0 _sec PN STk (k»\» e i
+ 2 e ch P(cose> SARVNGL)

\):O)l,&

\,\}\'\e ve

KQA%/MJ’ ZCR (:433 pp{ (}’j) ph\y(/w).

To each value of \) there corresponds n equations, where

n is the number of units interpolated in Lagrange's formula.

Altogether in our case there will be 3n equations, which
are separated into three systems which arve uncombined among them=
selves, according to the n equations in each one. We confine our-

selves to two groups of interpolation:

- 20 =
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——

' /'As:’"'lz 1/"('2.: 2

’I‘hen the equations will lze)come;
\

()

Ao
CLA C‘)(@}z____._AD (14'%—)—\"2“(1 5>+
Tt The T 2

Co 153 0o _LB,

(e Q)SCCZQ{.\ Q——Qosf,-——-%—(—zcosé Z> J
_Jr e

(2)

: “ Ao »—"‘ -+
ﬁb = b - Gy B (1475 "
@? '[?>%ecf {q_ =L cos ; -— ,C_l__- < 5 COS'LZ _4—-—>E)r

7Tlr3-<c+ )A + ST’\/" A(") a__ﬂaj)_..
= 3z

)A“) Wﬁ A”(C = Q_

l

2 at g (_/c*_t)Sect; &) CC’ —,0 COSZ)
-3 W 9%, SCL L, (A% T,

YL AD 2 2 ZA +5-ic Ao+ nCe

A (7-) qsc? C\n é

%

ok (™ 'C seel,
) G o)
-}2:- d’*‘JA — AQ): ::;)2 QLAZ

ima i we like-
The boundary conditions for approxlmdbed equations

wise retain, which are also for the poin’bs:
A(0) = A, (0, ) =5 F(0)
AL () = Aa@*)'/&) =2 F,(t%
Am (,t-x) _ AO) (R a«) =0
Lo.) (0) = AC )(03 =

0039R000200090001-0
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T

A (T

.

De . A ( > 5 ; 4
e ini we L)m')lte
sberminling \) /t ) Ve omml

| ‘M'z,
(a0 A T

g then for I ('ﬁ }A \V m
| TR gy §) = EiAmM:)t-A)@)wsW-i-A wsztﬂu—k

rigine intensity of radiation
Tet us separate the rising intensity

intensity of radiation

OS q)< T ) from the descending
LP -4+ TT ). First is stated the formila

(8'=7-8" Y =

for Ay = -3 /UZ.-:%; : )
L ()= EE Ao O+ AV () aos 94 A0 cos 2V ] <i,’i'/u>+

(16)
ik B2 @) + AP cos A ) s 29](3, ).

The formula for the second is in the i‘orm~

T, pi)= A ) AO)cos Vo )
-\—EA&)(@) AR @)+ A eeyeas 29 (5 ),
<pkljosy z-ﬂ

cos 2Y) ('li*/")**“

(7)

)
A ;
e

5 S
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Relations (16) and (17) in the sense of clarification of the
dependence of the unknown function I ({\3 V), still gives to/L/ a
very small but completely linear interpolation, In order to obtain
the closest approximation to the exact solubion, let us place sub-
relations (16) and (17) in the maim part of the accurate equations
of transfer which are easy to determine from equation (8):

S g
' Id
) = B |
;=L 0r)e "4 J/j K, (Tire At +
(]
- gecT, C’t*-/&)
_f__,,,.._._-——-— ¥o, (60

4//4 (¢ec Tt 7)

T, n=1,¢% r)e‘ﬂ"‘ —;—--J‘K t)r)e, d:t+
” S[e ’t*‘@_ Secf(ﬁ

A %-M (2l

(18)

k.:\-
Here

1 ' k’;r)atw’
L =2 Lo, i de's gz [T,

(19)

/ ! /
¥, ) R G r') (k';r)dw'+z¥1;rgfz@ﬂr)X,“(h\f} deo

Integration is carried out for a hemlsohere of unit radius.

¥ () = o, ()= |+C1|N,+~—(6N—' (3/u — 1)+ |
+ 05 CW*W')@nLéOZ/A)A’jW/\/—/ S W) eos (-4
£, 0 = by, ()= |-Cppi 5 (3 &tm(a/a"—t)-m)
— cos-¥)[C - 2C, pp NI=p= ATp ™+
,\.%clo-—p%ty»'z)w 2 (=)

i
;
i
}
]
i
b
0
i
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According to the 1ast formula the intensity of radiation

arising from a cloud through its boundary was computeds:

I:(’C ;/M/q))" il Egm)e -+ 4/A<DECZ+/I,\)+

et %
\ AT
4(1--—&%3““& i 1+30/~ jA‘”@c)e ot
e*-T

LTANIRT gog w{[c —ZM z] jl\(f}ﬁ je “att

LM
+E +3 ,_)x]jAmCt)e 77‘" att}

C?. cos Z)W(l /Al)—?[A(l) (t)*r A(Z)Ct>Je, /_A‘ d,t
T @

< (oY) - L 47 A sl ()t
I(O/«*‘W (#%)e” T+ e —sec,a) Y,

(1+ 20 jA"Ct)e V¢t+4M(i—% ) S/—\om(t

/lthf -

- N +3ul, & TAOH‘J“
4 Z (p/u/u ces ¥ <[C z/A ]SA:C C/Mj)(

A%
C. (-} o “(’Cﬂ
@)l ¢ Z2eos 2¥ j‘[/;\ )+ A 6
XSA' } B

(22)

Relation (22) is significantly reduced, if the thickness of

the cloud exceeds 100 meters. For such clouds,

is so great that the series of formula (22), containing e

- *
sec s , seems small in comparison with other seriese

..21!__.
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Performing the integration and disregarding the small values,

we determine for I2<O; /U.‘,\V) the following simple expression)

|
1,09} =4 BO - e

Lyl py[ RlmETE -
t (%) \+(-C,[3)T¥ S eosT Gz 2 i+ G/ ]

(23)

"

C, | 2 z
o oGyt s (517
4D+ (-5 )t7]

formula (23) illustrates that if the thickness of a cloud is
not exceedingly small, the intensity of radiation, arising external-
1y through its lower boundary, does not depend on the azimaith, The
dependence on , just prior to the substitution in the accurate
equations, remains linear, while this dependence diminishes with the
amount of thickness of the cloud. Similar transformations can be
carried out also in formula (21), in addition to that, however, it

does not result in significant simplification of its form, In figures

5 and 6, the results of the values computed for the sizes of I?(O;r)

and Il (’C*‘)' ¥ ) for the following values of numerical parameters

are height at the lower boundary of the cloud, 600 meters, thickness
of it, 300 me‘bers,/t*r: 9; S = 0,360 gram-calories per square centi-

<
meter per minu'be,\cg—' 0" ; Fl(O) = 0,0367 gram=calories per square

@riinster per minute; Fz( "t* ) = 0,138 gram-calories per square

3J3,(0:8)

centimeter per minute. N ’%

s

. Figure 3.
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=

These values of the current of radiation are derived from ;
theoretical considerations. The calculations of IZ(O;O are also
%
carried out, and for H 600 meters, ,0 = 38, with the retention

of previous values of all remaining parameters.

TABIE 5 e
values of Ip (030 ) ;

8° 0 30 L 60 75

vl

IZ(Q%%)O%\V H 0.0608 0,056l 0.0513  0.0L5 0.0365
I, (06) Lor H

0.02k2 0,02l 0,020 0,023 0.0238

TABIE 6
Values of Iy ()
Uk

90 0 L5 90 125 180
0 0.172 0.172 0,172 0.172 0.172
15 09,171 0,171 0.175 0.181 0,182 :
30 0.176 0.177 0.152 0,195 0,203
5 0.187 0.187 0,196 0,222 0.227
60 0,205 0,204 0,020 0,267 0,295
75 0.23L 0,232 0,261 0.339 0.38L
90 0,297 0,298 0,343 0. U471 0.5L3
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D Jﬁ("r’f 8, 4)

‘ Figure L.

The graph illustrates that 1,(0,9) decreases with the mag-
nitude of 8, i €., according to the direction of the horizon. For
thickness of a cloud of 600 meters, the dependence of I? (0,9)

(’0* £ ) increases

upon direction becomes near 1y impercepbible. I

|/ . with the magnitude of azimmth and becones maximal for LP: 180
i.e,, for observations against the sun. On the plane of each azi-

) . /[)* v : : 3 s 5 4

‘ nrbh Il ( } P ) increases with respect to direction, with the

' horizon.

Let us examine the current of radiation which arises from
£he boundary of a cloud, for a sufficient cloud thickness, dis-
regarding small values, we obtain

(t 3[ ]
F %) ST (A7) eos® A=y AP

‘ 7F(0) 2cos6+1
T o= © /a)ﬁ*]”gwaﬁ "["U“C/%“J

7 w9¢~*+’§(30051g—1)[ ?-C"st‘( )I'
¢ 4 O+ (- %)t

(2l

- 27 -
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o

‘ 7
F, (0= [T, 0% ) ws 0 dto = F(O)] I~ e oyt

7 F, (0%) (1 __2enTrd _
U= %) ] e {b 201+ (1= )+

G
_1 %COSQ*%@C@SZ")D’QC&SZ’ (73"“[):{
b 4[\+(|~€_‘g)t‘j

(25)

ach number of the last formula has a simple physical mcan-

=

ing., The first faclors in both expressions return to the atmos-

! phere =s a nart of the incident diffusion on the boundary of a

cleud of radiation. The albedo of a cloud of diffusion radiation

21-—1
A7 -4t

A

(28)

on the lower, as well as the upper boundary. The equation of al-
bedo on the boundaries is a consequence of the hypothesis of in-

dependence of mass diffusion coefficients according to height.

The second set of components in formulas (2L) and (25) de~

' termine the permeability of a region of diffusion radiation.

- 28 -
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The coelficient of permeability is ‘ .

O = 7
¢~GD*“'%MT

Formulas (26) and (27) show that, with the magnitude of
cloud thickness, Ag j.ncl‘r;a,:s(e:i; as Py decreases, Ta ’Q*—ﬁoOJ A&*\; Fa.") 0.
In the case of nonspherical diffusion, permeability is great, but
the albedo is smaller than in the spherical case,

In Figure 5 and Table 7, A1
g

of cloud thickness for the spherical case and selected by us as non-

and Pd are presented as functions

spherical diffusion indicstrices,

] With an increase in cloud thickness, Ad and Pl at first
d

change rapidly, and then the speed of change suddenly decreases.
The “hird number in the Ffirst part of expression (24) gives
the reflection incidence on the upper boundary of rays of solar
radiation, The corresponding series in (25) is a part of the solar
energy of radiation, coming from the diffusion through the lower
boundary of the cloud. A part of the rays of solar radiation must
; go through the lower boundary as parallel beams, the intensity of
which is equal to

H
~T Sec Q(E)G{,Z:
L e ‘g

Since @ is large, this part of radiabion converges to zero

for essentially all thick clouds. Albedo for rays of solar radia-

- 29 -
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e . i !
| r‘

REE TR

fion may he shown to equal
T 2, cos CTo +
As = -1z | + (- Cyfz)t* .
|
§ wt +% (o) E-zaosez(g—lﬂ
+l - St (28)
24 \+(1- =)

—-—

Tn the case of spherical indicatrices,

< i v . ! i 2 ith jistance of
5] Ar T A iith By han e in
; The chan e O WL e ( & he el (SRS e

e L 8
the sun is depicted in Figvre 6 and Table O.

TABLE T
| P, T P, % sphers
o p ¢ spher. P ,% non-spher. &
H, in km Ad,',’a non-spher. Ad,, sp d)

59
| 1 232 11 17 |
( 23 k
| 0.2 62 7 38 | “

b . . 12

| 0.3 60 88 20 6
2 . 3
0, 1y 88 9l 12

ol | h
0.5 92 96 8 ;
L] 3 ;
0.6 oL 97 6 ?
0.8 97 98 3 2
1.0 98 99 (

| - 30 -
‘ L
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To

AS spherical, 600 meters

.
\ V4

{00

-5 ica 00
AS non: pherlcwly

meters
A spherical, 60pfeters
s

A non-spherical,§
=

meters

pges. Hw —mms b
Albedo grows with the increase of \E , which has nothing to
do with cloud thickness, nevertheless this increase is significa.:at.
The path of the curves in Figures 5 and 6 is in agreement with ob-
cerved data. The calculations as to the value of albedo appear as
rather dependent in comparison to observed values. Tt is possible

to point out three reasons for obtaining too large values of al-

bedo:
TABIE 8
H = 300 M H = 600 M
Ags ¢ nonspherical A 4 spherical As, % sphers AS ,% nonspher.
Th 83 92408 9545
75 8L 93.3 96,0
17 . 06 93,8 96,14
8l 88 9l 7 97.0
85 9 95.8 9141
88 .93 96.7 9842
oL 98.0 98.5

CIA-RDP82-00039R000200090001-0
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1. The principle selected by us for the distribution of the

density of water according to height

(z ) = 0,132 / 1\13
g

ge values of density on the upper layers

glves, apparen’uly, too lar

of the cloud.

o, The series of observabtions shows that the predominant

in 5t clouds equals h—é/u . T
in the same way as

padins of drops ne displacement to
the left of the maximal distribution curves,

£ water, leads ©O

ormulas (26) and (28

a decreased value of

the decreased density o
) show, also o

*
/E» , but subsequently, as f

a diminished value of the albedo.

3, [Figures 5 and 6 show that for nonspherical diffusion the
albedo is less than for spherical diffusione Simple physical con-
siderations show that the more elongated the indicatrix, the smal-
ler the albedo. The btrue indicabrix of giffusion is more elonga=-
ted than 1ndicatrix (10), which diffuses 1ittle ab the back, bubt
very much on the side., The procedure for calculabing a more
elongated indicatrix, clearly st be derived from the smaller

yalues of the albedo.

The choice of a more elongated indicatrix is connected o
the increase in the number of terms separated (10). This being

y there is an increase in the mumber of sys-

the case, consequent]
- N
A\\ C—/t> are determineds

tems of equations from which the values
the calculations become complicated, however, nob’

By this method,
g with them proves to e difficult in prac-

so much SO that workin

tice.
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6, If a long wave is greater than 2/1,{ s 1t 1s possible to

disregard the internal radiation of the atmosphere., At the same
time, solar radiation takes place to a small degree in this nart
of the spectrum, The equation of transfer of radiation energy 4
takes the form:
oS 9.—.—31% .—_DLAB,\(Z) + g‘\-SIX(i)‘Y’WW; r)d W~

0% ‘ "
o — (ay+ ™)L, (Z5 1),

(29) | ]

In Figure 7, the coefficients 03.)\) oLg_-;\') orm And \OJlA are

given for 7\ Vi Z/,( (curves 1, 2, 2, L, respectively),

The curves illustrate that a?z> is of a form similar to 01;%.
The coefficient lOJD\ is small everywhere in comparison to J.‘ZA
and O_;)‘ with the exception of the two intervals of long waves,
A1l three coefficients change significantly with a change in the

long wave., Consequently, it is necessary to introduce visible

thickness for each long wave,

Neglecting the absorption of water vapor, we assume

Z
1, = (T, + 5,,) [ ez,

- Hence
‘; ~ (7 T
f’ 2¥*2 o 05 HA(Faxt 0’1)7
where H is in kilometers, and Ui% and 04’1)' are insguare centi-

i meters per grame.
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Figure 7.

20 1

Jso b | H= (oo meters
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Figure 8.
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‘ &
In Pigure 8, the function T ()\) is presented where H=600

meters, The mimimm value for /t% , equalling 39, correlates with

2,u£>\5 2.k

Equation (29), after substituting z for /D , appears as

e 2D = (-4 B )+ 22 ST v inaes

ot
— T,
q- = o (30)
o+ O
spherical indicatrix of

of interpolation /Ml = % and /U,f %, the apvroximated equations

wor the diffusion and for two sets

which correspond to equation (30) conform accurately to the equa-

tions of Schwartzhild, 3olving the last equation for a given dis-
eipght and a given current

tribution of temperature according to heig

FD»(O) and EJ_}\C{;‘?’ we obbain the rollowing expression for ra-
diation currents:
(31)
[see next pase for formulas 3L and 32)
(32)

In Table 10 and Tigure 9, calculations are presented accord=

ing to these formilas of current distribution according to height.
The compubations resulted from six zones of long waves, which, as
presented in Figure 9, it mey be assumed with rough approximation,

are constant.

Tn Table 9 the selected parts of long waves are quoted as

ed in Part - S (
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: b oAV A Fa),(?*A)—W’(/-'V’"fa\) "3)\°X

e—

>
¥
1]
<
1 1
T
5 3
Q\
~

e 0= oo Ry | Bite :
,,1_}/“3 Ty 4+ g1+ V- )V YB (t)e ~

r A3

-2Vi- 2, 44 .;.-n-(:wljii?)\)’/ i?%j) BA(’L
Z/?z) (Tx) (- 71-2,)

- Z%‘Ti; £ )J‘f!‘\ > /-

f“““"‘ fB ", - 2o, (- z‘)ﬁ) 2fig e -t o+
1= 9 e

s LY e (- O ) A2 faﬁ
b+ ¥

—zmm RS A C I AN

¢

y ‘ |
f&(l‘)e—l 4 f)o/zz+ 'ﬁ'(””“fa)“’//‘f))
0

.‘(
Ta
— j () -~ 2Yr=9, (f-’c‘bc/ (32)
'l/[‘i) B}‘ ¢ {!’
ty
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, CRE

sters) which respond !
well as values ol the parameters (H = 600 meters) which correspo

. to them,

TADLE 9 ‘
*) Qr/th
Cala A4 x F (@Y
; (A4 0 d ¢ F (o)\ 5 o
: le/g r/Co- X
| >\)/u | Cm H/min
| 5.0l 0552‘3
7 0, 0,066 0. {
2,0-2.6 1700 0.98 Lo R . ’ -
| 63,1 8000 0.2 1680 0,07113 0.07785
3 2- “30 L \ Ve
0,75 ‘ 0,01.256 0,00000
3.0-5.0 2000 0.75 W 0 56 o
( SYAN
5, 8-6. 1 11000 0.50 9l 0,0100L4 0.
Da 00 b . LI
; 6, 0-11.08 2900 0.70 68 0.15L0 0,1193
' SPRIEY NN ( /
0., 1507 0.,1256
11.8-18 5000 7.0 117 09,1507
| TABLE 10
<
214 € N8 2. b 2.bpus >\\3,4/MB —
‘ 7, KM Fl (z) Fg (z) B (z) Fl (z) b2 (%) T
KM
. 3 L.
v’ 0 0 0)4-1660 0 Oh]‘élr 0.0hl’Zi) 0.031_13 0.07983 0.0 975
: 0,0 L0150 | o
0.05 0.041.60 0,018 0.0kl o.o)"978 0.03957 o.ob%z
D o Q510K 8 ’
” ; j\,' ” rO
0.10 3.0tk 0,039 0.0l1117 004950 0,0°950 0.0)9)
. 0.0 -0 -
0,20 0.0bze 0.0l118 0.0k107 o.o%? 0,07937 0.0)9,7 |
Ve . ) ‘l “1
0.30 0.0l07 0,0M106 0.0M03 0.0“92? 0.0%927 0,02927 ?L
. \ 3 J_h k ’
| : oo 0.0M03 0.07997 0.05995  0.0b4915 0.0%918 0.0%16
] L] *® R }. {
' 0.50 0.0%951 0.0%951, 0.0595’8 o.oh906 0.0l906 o.o;f)o.w
% 0 ® . hv‘ ( L
0.55 0 05903 0.05889 0.05939 O.OLLB99 0.,07899 0.0)899
6 0.0°699 0.05628 0.05916  0.0%886 0.0b78g 0.01893
OO L] L] )
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F, (2)

0,0126
0,011y
0.0107
0,00979
0.00963
0.009L5
0,00927
0,00916

0,00670

b4 ps X&

0.0107

0,0102

0,00978
0,00963
0.009L5
0,00927
0.00916

0,00800

WS

0,0100

0,00978

0,00963

0,009L5

0,00927

0,00916

0,009064

Fl (z)

0.0100L
0.0089M
0.00821
0,00802
0,00790
0,00775
0,00763
0.00755
0.00726

z, km F (z)’ 7 (z) 47 B(2)
b 1 o

0,1387

0
0,05

0.10

0,1570  0.1hLO
0.1485 0,10
0.138
0.13h
0.132
0,131 0,131
0,129  0.129
0,128 0,128

0.125 0,119

B (T ) for a fixed temperature is determined as

0.1366
0.135
0.13L
0,132
0,131
0,129
0,128

0,128

1KLY
' F (=) T750)

P (z)
1

0.151

0,135
0.134
0.133
0.132

0,131

0.1l

O.l38”

0.137
0,136
0.135
0,13k
0,133
0,132

0.126

0,10
0,138
0,137
0,136
0,135
0.13L
0,133
0,132

0,126

r (z)
2

0.00873
0.00836
0,00817
0,70802
0,00790
0.00775
0.00763
0.00755

0,00618

TB (2)

0.008L6
0,0082L
0,00816
0,00802
0,00790
0.00775
0.00763
0,00755

0,007h8

0.297
0.292
0,288
0,285
0,282
0.280
0,278

0,259

?i(2)~ﬁé(z)
0,0255
0.0136
0,002

0

0

0

0

0

0.0131

an integral
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of the planck function according to the corresponding interval of

long waves. The boundary conditions vere fixed so that Fl (0) in
L

each part was lareer than T\TB(O) , and b‘? ( 't ) was smaller

‘than TT 'B C’C*) . ~

Tn Table 10 alongside of the values of ‘ii‘l (z) and F (z) are
: 2

given the values of TVB(E) in each of the investigated intervals

of long waves. The 1ast colums of the table present a summary of

the current T (z) and F, (z), and the total current of radiation

energy in the interval (1}/\)‘ lg/b() is equal to I?-l (z')-l'l’z(z). These

N - b =
values are also presented in Figure 9 (the rates for FL(Z} and T (2) = QC*)

ace chosen to be aifferent).

The compubabions and the graph illustrate that only on the
boundary layers 18 (Fl(z,) different from 'E‘E(z) and from ua B(:Z)

In the interior parts of a cloud

F) = FKR@)= —B @

(33)
for each of the long wave intervals studied. The total current,
moreover, is equal to gero in a layer 100 meters é % é ﬂﬁ'b"O
meters. The computed result is easy bo explain, if one recalls reé-
1ationship (1h):

.‘ ‘\'MOAX[I:)CZ‘_')Y)—B%(_?JJ:O

AT O

(3h) -

when Oé@glggioé?’:éll; 2070‘)%|4H

The distribubion coefficients of a cloud are so large that

for its interior layers that 1t accurately fulfills the equabion

- 38 -
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T

1\5,(2; ") BXLZ) ‘l/

|
; whence
| 033 Y
| | B, (2) !
- Foilz) = TFP* o F,
029§ oo W;_E—' 2
\ d Eay
wWhen i= 1.2 o 0’;}. / B }P .
b5 5T TOF oz km

on the boundary layers docs & cloud appear

In this Way, only,
055
Latdons -

o long wave radia

(O) > m B(D) and it aiffuses e
<TT B& ) . hccordin Lo the over-

the tobal current of lounp wave

T4 distributes energy in

in relation 1
nergy in the

active

the lower layers, if T

upper layers, if f’
radiation

a1l thickness of a cloud,
“1(7‘) - (z) converges to zero and, moreover, in the heat process

no influence is exerted.

Tor greater detail in the calculation of the spectrum, there
are distributions, perhaps, in aveas with sufficiently small distri-
ation coefficients in which equation (3l) will not be satisfied.
In the diffusion of the enerdy of appropriate long waves
along with other aspects of heat inflow, heab exchange in 2 cloud
will also be determined. e shall return to this question Bter in

the article.

nt from & cloud through its

Tet us examine the radiation curre

Z‘* and /(} - 0 formulas (31) and (32) give,

boundary. For 7=
1\7\
2 V1= 1y

e speutmvel v

-v1-2 WAL
£ () = £ 60+ 47 72y R (te
(’crt) It ' o

: :\:‘ - e
e F) [0) W‘”""% [_f)#@) /W /\5)
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r : | : , 1

‘ o The first terms of this formila are the reflected part of

incident rays on the boundary of the padiation cloud,

The albedo of the cloud for a long wave )\ is, disrve- ;
i

garding cloud thickness, equal to

A,\-'"W—ﬁ)
' i

Strictly speaking, albedo » of course depends upon cloud thick-
ness, hut this dependence is expressed by exponential functions which

! converge to zero even for volumes of thin clouds,

In case of complete absorption 9_\-; D,AX-‘-‘ 0 « or com-
vlete diffusion i): /‘A A2 709 Fevm,;f: If the diffusion equals

: absorpticon ‘?)\ = O. 5), As It Fe‘ru_,“-{- .

In the second groun of terms of formula (35) energies finally

‘
appear as arising from the boundary of the cloud at the expense of '

internal radiation,

K ¢
We see that the current F /) ( 7 } and sz)‘ / 0) in a general 5

g i case cannot be expressed in the form

; F/(f*):/q/jz (N*("‘A)TBMV)/

‘ F, (0):AF‘(())+(1-A) B (o), i

| | ‘ (36)

and, consequently, radiation at the boundary of a cloud does not

comply with Kirchhoff's Law (as was seen earlier, in the interior

ed in Part - Sanitized Copy Approved for Release 2012/04/09 : CIA-RDP82-00039R000200090001-0 .
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< ez

layer Kirchhoff's Law is satisfied).

If, in formula (35), applying the theory of the mean, the

following is used:

e ) AF, (¢¥) 0T [€)
Fo (1)

AF, (0) + (1 =A) TRES) .

Comparing expressions (36) and (37), we see that if the tem-
perature of the cloud decreases with height, dinternal radiation on
the upper boundary is greater, but on the lower boundary is less

than the radiation according to Kirchhoff's Law, For an increase
in temperature with height, all relationships are reversed, and

only for constant temperature of the cloud is radiation from its

boundary exactly conformant with Kirchhoff's Law,

For sufficiently thick clouds, slight deviations from Kirch-
hoff's Law are noted, In order to understand this, let us examine
one of the integrated terms of formula (3L), for example

¥
¢ e o K.
1-g (T=¢
/- g (-}) -2 v q ( )Q/Lé
g o= \BMe
[+ Vi-¢

* .
-2 )g (T °F
For a change in %, B(t) changes mich more slowly than e~%7) f ¢

as will be seen from the fbllowin,g relation.

¥ . . 2 1// -g ®
Se"cﬁr/;'r.ngZ7 -t = a, where a is chosen in order that € - j
{ is small in comparison to unity, The given difference - Cor=

~ a
| responds to the change in z in the expression H'Z- :(/‘//" ZH"
!
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i ?f »

f which will be much agmaller than the larger value ? In the 7/...__.
‘ 3 Y 7N £as
‘ very unfavorable case (27’( < A <2 Llu)when q = 0.98; “/ﬂ e

is small in comparison o unity for a=10. Then Hez=0,15 H=90 neters,

if H=60, meters.

If heipht decreases from H to H=90 meters bthe temperature ac-

cording to Ye. G 7gk rises from 1,9 Lo L. ho, but the function g,\ (7)

always changes only about 5-6 per cent.

X
In the case of a larger q and a larger Z\ s s Coy for A >/3r/

B [1\) changes still less according to the exponential functions.

Consequently, we can rourhly assume satisfaction of the fol-
0 3 o

lowing equabions: ,px ) a/ )
o — AT : e (M) dT
e Al (A=) 14 % 2177 P
P Al lie Bl Je
0

A1

>
QC ) %
®

g B (1), 77t = B 0)

With s;u,c'h an assumption, the relations (35) develop into
relations (36) and on the boundaries of the cloud they will sabisfy
Kirchhoff's Lews One cen sgy thab in case of larger Z\w on the
houndaries of the cloud, the conditions of local thermodynamic

balance are sabisfied for the temperatures of these boundariess

let us compute by formula (35) the effective current on the

cloud boundary.

For the lower boundary, We obtain

3 a&%fW—j%%$V8“>*@W
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For the upper boundary, we obtain e}

e L.,rgm) Fe))

F@)-F, (z‘ *)=

Tf the temperature outside the cloud decreases with height,
on the upper boundary effective radiation is always positive, and
consequently, the cloud in its upper layers sends heat into the at-

mosphere and cools off,

In comparison to the lower houndary, it is not possible to
arrive at such absolute conclusions, One can state that on the
boundaries of transparent intervals in the spectrum of waber vapor ,
absorption, if diffusion of the earth is equal to black radiation,
the effective radius will be negative, and the cloud will become
warm, Generally, if assuming that Fl(O):> B(0), and such an as-

sumption is sufficiently evident, we obtain

(O)”F/(O)<O”

The total amount of heat () absorbable by a cloud is computed

according to the formula:

)

: ) 1/// :? « " |
_ Q < *ﬁ [FT_ (7\/# F, {0), 7 5(0},,77—/3[7‘?] |
7. Iet us examine once again Figure 2 and attempt to separate

[ : ; such part of the short wave spectrum in which it would pay to take ‘ i

into account absorption, aside from diffusion,
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—

—
The values d,}\ and & 2)\ in some measure comparable with

are all inclosed in the interval 1.3 < A \<Z/‘ .

&2 ) )

Purticularly since here the coefficient of Y] 4 I\ atbains 1its

greatest value.

At the first glance, it seems, however, that for the solution

of our oroblems in regions of long wave lengths (1.332 /IL}, it is

necessary to allow for aiffusion in droplets of water and absorption
of waber vapor, But in these zones of the spectrum, where ( is

large, on the uvpper boundary of a cloud, solar energy is not emitted
27 3 & 2 e

either partially or completely. The more it ebsorbs in the upper

! layers of the atmosphere, the more a small part of energy enters the

i spectrum of solar radiation in the long waveS.

Thug the effect of absorption of radiation energy in a cloud

4,) is similarly

can be found only in these long waves for which

One may point ot one

~ 30/ TS =008

‘ and 42\ yakes on its preatest values.
‘ such zone >\ ] /. Q/{,( , in which 6(//\ w 0;%2‘/ ~

small,

¢ centimeter per minute.

gram-calories per Squé

4 : 1et us assume O = 100 sq centimeters per gram; ‘then

S /000Q

f—

L+yo - 1830

[\
]

The approximate equations of transfer in this case not being

(1L) in that in ‘the

N
ations, for terms containing Y and §

f equal to zero, absorptions differ from equation

first part of these equ

a factor q appears, In solving the equation, it is possible to take

into account the total amount of heat which is absorbed in this cloud,

according to the formula:

07 S wi TR+ A (2R )F ().
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For o glven value of q, @ is approximately equal to zero. ,
If by increasing & / oY, G e, DY changing q, then § increases; i
! for & = @ , Q constitutes 72 per cent of all incident rays ‘
under study in the zone of long waves on the boundary of a cloud
radiation., Ve see, consequently that the amount of abscrption in
cloud radiation energy depends upon the relation between the coef-
ficients of absorption and @iffusion, for these relations between !
the coefficients, which are located in the short wave part of the
spectrum, absorption is so small that it is impossible even to lo-
cate it for an approximate solution to the eguation of transfer.
The small amount of absorption in a cloud of short wave radiation
energy still does not denote that it does not influence the temper-

ature of the cloud at all.

Iet us wrilte the equation of the palance of temperature

&g
H %(kac{:}\: ay I)\lejw Z, quijME,
N (38)

there € is the influx of temperature at the expense of all other

sorms of heat exchange.

Tet us assume that in the long wave parb of the spectrum,
the coefficient of absorption does not depend on the wave length.

Then equation (38) can be given in the following forms

]
B ) = \ SR NI K n | T2

(39)
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Y \
. {
’
4
i £ . b
i . The last expression shows that the role of short wave energy j
] in the balance of vemperature 18 ascertained by the ratio < 3 / o , :
a
i, e, as the relatdon betueen the coefficients of absorption in i
hoth short and long wave parts of the spechium,
Tet us assume
8 % -y
: £ = boo ¢/ //
P 74
When >\ < [3/“ the last sum is small in relation to &
Tn the repgion of greater wave lengths it is necessary to ex-
- —_ grent
o clude the zones in which L) ‘X is , since in these zones the
, ‘ R A
intensity of radn.atlwrmverges to Zero.
' cr ab4m memad - )\N/.?u . )
Tt still remains to examine the zone, ~ /., in which :
; _ Z) I :
i QC“\N 0; 5C2A = 30 square centimeters per gram and = 1/20. » i
While computing two integral terms in the right part of the
balance, equation, we were convinced that the first of these consists

of only 0.5 per cent of the second on the upper layer of atmosphere;

at the lesser height, the role of the first term becomes even smaller.
However, it would be premature on the basis of these computations to ]
draw a conclusion concerning the small influence of short wave ra- =:

' diation in relation to long wavesSe

Tet us give formla (38) the following form:

o
"

i OO ? o
% ‘ szafmm ex [1y- By dudrre=e.

X (ko)

d il - o ‘
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As was shown above, the coefficilents of absorption in a cloud
are so small that the subintegrated expression in the number of equaw
tion (LO) converges to zero for all z in the interval (zo;zp and for
g ; all )k except, oerhaps; in separate, narrow zones of the long

wave spectrum,

Thus, in the second layer of a cloud the role of long wave
radiation diminishes almost to zero and, correspondingly, the role
of short wave radiation increases, The need of taking into account
other forms of heat exchange increases also, It is precisely in a
cloud, that the previous simplification of the heat exchange cycle
for which the temperature is computed according to Stephan's Law,
is especially unsatisfactory, but diffusion of short wave energy

, was simply disregarded. Only simultaneously, total and detailed
calculation‘of all short wave radiation and of other aspects of
temperature inflow will periit an accurate solution to the problem

of heat exchanse in a cloud.

THE END
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